I Introduction
The following article discusses the use of silver in three diversified biomedical applications at Drexel University. The first application considers the biocompatibility problems with noble metal stimulating electrodes at the gingiva interface in a moist oral cavity [I] . The second application considers the parameters which affect the silver-silver chloride reference electrode used in physiological potential measurements [9, 10] . The third application considers the use of silver in the development of antimicrobial antothrombogenic coatings for inside and outside of medical catheters [24, 25, 26] . II Development of Biomedical Electrode for D.C. Stimulation in the Oral Cavity.,
The successful use of stimulating electrodes in a biomedical application must address the importance of electrode geometry and material as well as the site of stimulation in the body [1] . D.C. electrodes were applied to the gingiva to produce D.C.. electric currents for possible increase in alveolar bone osteoblasts and enhanced cellular enzymatic phosphorylation activities in peridontal tissues [2, 3] . The Figure 1 Severe initiation produced at a gold-electrode interface of a cat after stimulation with a direct current of 20 gA/cm2.
A biocompatible composite electrode was developed which was capable of operating in the Oral cavity with currents well above 201aA/cm 2 with excellent biocompatibility [1, 4] .. The composite electrode consisted of conductive gels at the gingiva interface to remove d. c. stimulating electrodes from the moist tissue.
Passage of current across the cathode shifted the pH towards 8.0 due to the production of OH-ions, which produced redness at the gingiva interface. In order to shift the pH out of the basic region, lemon iuice or citric acid was added to cathode gel consisting of 0.0154: M KC1 in agarous gel.
Silver cathodes placed behind the cathode gel discolored the gingival-gel interface due to the silver ion migration through the gel. Figure 2 shows this discoloration at the cathode for a silver anode and cathode placed in cathodic gel for 48 hours with a large current density of 400 gA/cm 2 at the electrodes. The same problem of ion migration has been encountered in fabricating hybrid circuits with gold or silver. Platinum-silver and platinum-gold fired as a paste onto aluminum ceramic substrates solved the migration problems in thick film technology, [5] . This same technique used to form platinum silver alloy electrodes solved the migration problem for direct current application in the oral cavity. The migration at the platinum-silver alloy cathode was far less than for a pure silver cathode. The silver-anode was searated via a salt bridge from the cathode for silver migration to insure that no anode products would interfere at the cathode. Figure 3 demonstrates that the Platinum-silver cathode gel with a current of 400gA/cm 2 produces far less migration of silver than the silver electrode of Figure 2 . Figure 3 In order to give a basis for the understanding of polarization and impedance graphs presented in this section, a short introduction to the kinetics of electrode processes is presented [13, 14] .
When an ion donates an electron to an electrode the ion is oxidized and is the anodic current density. When an ion accepts an electron from the electrode it is reduced and i is the cathodic current density. The kinetic properties of the interface are represented by anodic and cathodic currents. The currentoverpotential relationship at the interface can be considered in terms of deviations from the equilibrium potential. The net current at equilibrium will be zero requiring the cathodic and anodic current densities to be equal. The above discussion forms a basis of evaluating the departure of the electrode potential from the reversible or equilibrium value upon passage of faraday current [13] . This polarization is an indication of the reversibility of the reference electrode Ag/AgC1. On the other hand Figure 5 demonstrates that a 90 % Ag and 10 % AgC1 has anodically even upto 100 gA/cm2, only a small overpotential but cathodically, even at 10 gA/cm2, overpotentials which are unacceptable.. Figure 7 demonstrates that the surface resistivities are fairly constant and low between 40 % to 60 % silver which agrees with the above overpotential results.
Below 40 % silver, the resistivity increases dramatically and above 70 % silver it decreases sharply which could account for the polarization outside of the 40 % to 70 % silver range. In the above it was seen that for small overpotentials the relationship between overpotentials and current density can be considered in terms of a charge transfer resistance. The interface under controlled voltage and current can be considered in terms of an electrical impedance to represent other rate determining mechanisms at the interface such as diffusion and adsorption. The potential-pH equilibrium diagram for the silver-water system at 25C is shown in Figure 8 with constant pH lines of 6, 7 and 8 and constant voltage lines from -0.4 V to +0.8 V. This is the same technique Brownstein used in the evaluation of platinum and palladium electrodes under controlled voltage and pH, [17, 18] On observing figure 11 it is noted that a Ag/AgC1 electrode in a 1 M NaC1 solution at a pH=7.1 has the polarization impedance increase by orders of magnitude at positive potentials. In 1M NaC1 solutions the results are similar for Ag/AgC1 electrodes in acidic and basic solutions. In physiological saline solutions the Ag/AgC1 electrodes for a pH of 6.0 and 7.1 have much greater changes in the polarization impedance on the cathodic or negative potential side.
It [25, 26] . The results of the invivo and invitro experiment demonstrated the strong adhesion of the coating to the various sustrates.
Conclusions
The invitro and invivo evaluations of silver and silver with other metals demonstrate that silver as a coating inside and outside of a catheter has great potential for blocking bacteria from entering the body along a catheter pathway. In the above presentation silver has demonstrated it's value in a range of medical applications if used .properly.
